The objective of this study is three-fold. First we estimate and analyse bank efficiency and productivity changes in the EU28 countries with the application of a novel approach, a weighted Russell directional distance model. Second, we take a disaggregated approach and analyse the contribution of the individual bank inputs on bank efficiency and productivity growth. Third, we test for convergence in EU28 bank productivity as well as in the inefficiency of individual bank inputs. We find that bank efficiency has been undermined by the financial crisis in banks notably from the EU15 countries. We also argue that bank efficiency and productivity in EU countries vary across the banking sector with banks from the 'old' EU showing higher efficiency levels. Nonetheless, a noticeable catching up process is observed for banks from the 'new' EU countries. Consequently, we do not find evidence of group convergence for bank productivity but there is evidence of convergence in bank efficiency change and technical change among the EU28 countries throughout the period 2005-2014. The driving force seems to be convergent technical change from the old EU Member States' banks.
Introduction
There has been extensive research on bank efficiency either on individual EU countries or on the group of EU countries that include 'old' EU15 and/or new EU countries, see for example, Berger, (2003) , Goddard et al. (2007) , Barros et al. (2007) , Fries and Taci (2005) , Casu and Girardone (2006) , Chortareas et al (2012; , Matousek et al (2014) , among others.
The focal point of these empirical studies has been to find evidence on the degree of European banking markets integration. A large number of studies have specifically analysed differences at bank efficiency levels across the EU countries. Casu and Molyneux (2003) , in their early study on bank integration, conclude that there is evidence that EU banks have converged. Similar results are reported by Barros at al. (2007) , who stress upon the importance of country-level characteristics on bank performance. Goddard et al. (2007) , on their part, argue that the integration process has implications for systemic risk and as such constitutes a challenge to the supervisory and regulatory framework. Following the most recent financial crisis, bank performance, particularly, in the 'old' EU countries have been affected by the adverse economic environment. As widely reported, governments and Central Banks across EU countries have had to bail out a large number of commercial banks in order to avoid a systemic crisis. In 2009, European governments approved $5.3 trillion of aid, a staggering amount representing more than the annual gross domestic product of Germany, to support banks during the credit crunch (Bloomberg, 2009 ).
This unique and unprecedented event motivates our research on the analysis of EU28 bank performance and convergence before, during, and after the crisis. We attempt to extend the current literature on the European banking markets by examining technical efficiency and productivity change in the EU 28 banking sector during the period [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] . Hence, this study tries to shed light on bank performance during the financial crisis and in its aftermath.
Furthermore, as far as we are aware, there is rather limited up to date research on bank efficiency in EU countries that takes into account the current disturbances in the banking markets. Indeed, most studies on bank efficiency discuss findings that pre-date the crisis (see Altunbas (2001) , Casu and Molyneux (2003) , Casu and Girardone (2006) , Goddard et al (2007) , Barros et al (2007) , Brissimis et al. (2010) among others). Our study not only addresses the above-mentioned gap but we also advance the methodological approach on how to estimate bank efficiency. We extend the current methodology introduced by Barros et al (2012) by introducing allocative efficiency and cost efficiency. We also open the black-box on how efficiency and productivity are measured.
In so doing, we analyse, in a unique way, how the individual inputs and outputs affect overall bank efficiency and Total Factor Productivity (TFP) change. This type of examination is key for regulators and banks. It reveals and clearly identifies the fundamental managerial problems at the core of banks and the banking system. So far, a few studies have focused on these important issues, e.g. Barros et al. (2012) and Assaf et al. (2013) . Our findings may guide regulators and bank managers in adopting measures that would re-establish a well-functioning banking system in the analysed countries.
The contributions of this study are listed as follows: First, we investigate the link between bank allocative and technical efficiency. Second, our approach enables us to measure the contribution effect on TFP of each inputs. Crucially, the disaggregation of technical efficiency into individual inputs is an addition to contemporary research on bank performance. Third, we test for convergence in productivity growth as well as in the individual bank inputs of the EU28 banks to assess the integration process within the EU28 banking sector. We employ the dynamic Phillips and Sul (2007) panel convergence model which allows for individual heterogeneity while testing for a common growth component. Fourth, the empirical analysis is new in the context of bank efficiency and productivity changes together with convergence in new EU countries. The analysis is particularly relevant given the ongoing consolidation process in EU countries. Accordingly, we investigate the period 2005 to 2014.
The paper is structured as follows: Section 2 provides an overview of European banking literature. Section 3 discusses the methodology and Section 4 presents the empirical results.
Finally, Section 5 concludes.
Background

An Overview: European Banking System and the Global Financial Crisis
In the last twenty years, the European banking market has undergone extensive regulatory changes, consolidation through mergers and acquisitions (M&As) analysed the cost-benefit analysis of a single financial market, argued that a single financial market reduces the costs of financial intermediation, enables more efficient allocation of capital, better access to markets, instrument and services and higher efficiency of the financial institutions and markets. The benefit of a single market was seen, above all, as an increase in competition that will lower the prices of financial services.
Undoubtedly, the European banking markets has, since, been significantly reshaped and the degree of harmonisation has improved compared to the pre-1993 level. Berger (2003) argues that the full efficiency effect of a single market for financial services in Europe would require an intensive wave of mergers and acquisitions of financial institutions across the countries. However, he reports that there have been a rather limited number of M&As among the EU financial institutions. Furthermore, Berger (2003) shows that universal banking in particular, can contribute to scope efficiency and cost improvements. Goddard et al (2007) argue that the integration of the banking sector has not been achieved yet. The main obstacles of the full integration are national economic conditions, differences in legal and fiscal system, and cultural differences, among others. Barros et al (2007) support this view in their study by showing that country-level characteristics (location and tradition), firm-level features (bank ownership, balance sheet structure and size) still matter. They also argue that smaller sized banks with higher loan intensity and foreign banks from countries with common low traditions have a higher chance of best performance. Other studies shows that the process of integration has advanced more in wholesale rather than in retail banking, see, for example, Cabral et al. (2002) , Barros et al. (2005) .
The most recent global financial crisis has been, to some extent, a test of the degree of financial integration across the EU countries. With the benefit of hindsight, it is now evident that the financial crisis has seriously jeopardised the process of financial integration. As stated by the ECB (2012), financial integration affects financial stability through a variety of channels and can become a conduit transmitting financial shocks and contagion during crisis time.
Empirical analysis, not surprisingly, finds strong evidence that bank balance-sheet contagion has indeed been amplified by the exposure of borrowing from cross-border banks (ECB, 2012).
To our knowledge, there are no empirical studies that investigate the impact of the current global financial crisis on bank efficiency across all EU28 banks 1 .
The cost of the financial crisis in terms of aid provided by EU states to stabilise the EU banking during 2008 and 2012 amounted to EUR 1.5 trillion, a sum equivalent to 12.3% of EU 2012 GDP (European Commission, 2014) . The crisis has disclosed the bottlenecks of the integration process. The main weakness of the integration process has been a weak and not fully implemented integrated framework for bank supervision and regulation. This is evident 1 Matousek et al (2014) analyse the impact of the global financial crisis on EU15's bank efficiency.
from the systemic crisis we have witnessed across the individual EU countries. Furthermore, the extent of the crisis has spread across the EU countries through the balance sheets of financial institutions. As a result, a number of banks have been forced to sell external assets or been required to close their exposure with domestic and/or overseas institutions. Such activities then spread from one bank to another regardless of the geographical frontier. Tsionas et al. (2015) discuss the cost of restructuring the banking sector in EU. For example, the UK's estimated package should reach US $1.1 trillion in order to restore confidence in the banking system. In Denmark, 13 of the country's 140 banks were bailed out by the central bank or acquired by their competitors. The expected volume of the rescue package is estimated to be EUR 593.9 billion. EU governments approved about EUR 311.4bn
for capital injections, EUR 2.92tr for bank liability guarantees, EUR 33bn for relief of impaired assets and EUR 505.6bn for liquidity and bank funding support, a total of EUR 3.77tr.
It is evident that international financial integration increases economic efficiency and growth. However, it may also increase the probability of a systemic banking crisis by transmitting international shocks via bank balance sheets. As already mentioned above, our analysis has important policy making implications. In particular, it should disclose the weakest links in the banking integration process in EU 28countries as well as the contagion channels that undermine bank performance.
Literature Review
The enlargement of the European Union to 28 member countries has been a significant step in the history of the European Union and the ramifications in terms of the integration process are profound. In theory, a single market in banking across the 28 member states should enable greater consumer choice and boost competition and banking efficiency. Indeed, if a homogenous banking market and competition do lead to further integration, then the impact would be felt on the cost structures and performance of banks (i.e. banking efficiency). As noted by Kasman et al. (2010) , the new EU member countries embarked on large-scale privatisation programmes in the mid-1990s in order to boost banking competition and efficiency. As a result, bank consolidation among the Central and Eastern European (CEE) countries peaked in the 2000s and the countries' banking systems are now more viable and efficient (Kasman et al, 2010) . Hence a higher level of competition and the presence of an integrated market should translate into convergence in banking efficiency.
There are several studies that investigate the process of European banking integration by using banking efficiency as an indicator for integration (Goddard et al. 2007; Brissimis et al. 2010 , Fiordelisi et al. 2011 Weill 2009, Casu and Molyneux 2003; Casu and Girardone 2010.) .
All these studies, however, focus on the performance of EU15's banks prior to the financial crisis. For instance, Casu and Molyneux (2003) investigate whether productive efficiency in European banking for the period 1993 and 1997 has converted to a common European frontier.
Their results point to an improvement in the average efficiency scores, but the efficiency gap between the countries has widened over this period. They conclude that there is little evidence of convergence.
Weill (2009) evidence of bank efficiency convergence and report that the introduction of the single currency has had no effect on the convergence and improvement in efficiency levels in the EU15
countries. The authors find no evidence of group convergence following the onslaught of the global financial crisis. Kasman et al. (2013) , on their part, analyse the convergence of total factor productivity within EU22 countries using the concepts of β-convergence and σ-convergence over the period 1995 to 2006 and find evidence of convergence. To sum up, an overview of the studies on bank efficiency and convergence reveals a significant gap in the literature. There is a clear lack of studies that encompass banks from all the EU28 countries over a recent period of time that includes the financial crisis. We aim to address both lacunas in our paper with an extensive analysis of bank productivity across EU28 banks and the application of robust methodologies.
Methodology
This study measures allocative efficiency of input resources and productivity change in the European banking sector. In productivity change estimation, we decompose TFP by contribution effects of each input/output. Additionally, we apply the convergence test to analyse the time trend.
We apply two non-parametric productive efficiency estimation methods, the data envelopment analysis (DEA) and the weighted Russell directional distance model (WRDDM).
We apply DEA to evaluate input resource allocative efficiency, and WRDDM to measure TFP and contribution effects of each input/output factor. Both nonparametric approaches propose a measure based on linear programming and have advantages of being relatively easy in treating multiple input and output data. Such a model helps achieve our research objectives which include examining how inputs are allocated in bank production process between the old and new EU countries. We also focus on the impact of the changes of individual input on bank productivity by considering their contribution effect. This is a novel approach, which has not hitherto been applied in recent studies on European bank efficiency (productivity).
Data envelopment analysis (DEA)
Technical efficiency of input resource use
Many productivity evaluation techniques are based on the frontier efficiency concept originally
proposed by Farrell (1957) to evaluate inefficiency by specifying the production frontier with the best performing observations, and measuring the distance of inefficient samples from the frontier. DEA approach was developed by Charnes et al. (1978) , wherein nonparametric linear programming techniques are applied.
Let ∈ ℜ + L , ∈ ℜ + M be vectors of inputs and output, respectively, and then define the production technology as:
DEA can compute technical efficiency (TE) of input resource use for bank k by solving the following optimization problem:
s.t.
where l and m represent types of input and output, respectively. x is an input matrix with dimensions L  N and y is a output matrix with dimensions M  N. is the technical efficiency score of the bank k which is defined from zero to one, and = 1 signifies a bank is efficient.
i is the weight variable. To estimate the technical efficiency score of all banks, the model needs to be applied independently to each of the N banks.
In general, the DEA model commonly assumes either constant return to scale (CRS) or variable return to scale (VRS). Equation (2) to (5) (2) to (5) and the following equation (6).
By using productive efficiency score estimated by DEA under CRS and VRS assumption, scale efficiency score can be estimated. Scale efficiency is defined as following equation.
Scale efficiency = TECRS / TEVRS (7)
According to Ramanathan (2003) , scale efficiency indicates how each bank scale's is close to the most productive scale size (MPSS) which enjoys the maximum possible economy of scale. Scale efficiency equal to one signals that the bank is identified as at the MPSS.
Cost and allocative efficiency of input resource use
In the previous Section, technical efficiency is defined by each input and each output ratio.
However, the decision-makers of banks focus on total input cost efficiency to evaluate their financial performance, especially the balance of the input resource. In this case, an objective efficiency score is needed to consider the balance of multiple input resources.
As stated by Coelli et al. (2002) , cost efficiency and allocative efficiency can be estimated by DEA. 5 The cost efficiency evaluates how much total input costs can be decreased without decreasing output. To estimate cost efficiency, the following cost minimisation program is calculated. Cost minimisation program of bank k can be described as follows.
where is an input price variable which is given and fixed. Input price can be different among type of input variables (l). * is optimal input amount to minimize total input cost. The score of * is equal to or less than . Cost efficiency (CE) of bank k can be defined as equation (12) by using the result from the cost minimization program. CE is calculated as minimized total input cost divided by the actual total input cost.
By using TE and CE, we can estimate allocative efficiency (AE). Allocative efficiency evaluates the allocation of input resources and is described by equations (13) and (14). The score of AE is defined from zero to one, and AE equal to one signifies that the input resource 5 Cost efficiency can be estimated by both DEA and WRDDM. However, theoretical background of allocative efficiency estimation as CE/TE is constructed in DEA model but not WRDDM. On the other hands, contribution effect to TFP change can be estimated by WRDDM but not DEA. To discuss both allocative efficiency and contribution effect of input factors to TFP change, we apply two linear programing methods which are DEA and WRDDM.
allocation is efficient. AE<1 means that the input resource allocation is inefficient. AE can be estimated under CRS and VRS assumption as follows.
AECRS = CECRS / TECRS (13) AEVRS = CEVRS / TEVRS (14)
Weighted Russell Directional Distance Model (WRDDM)
WRDDM is developed by Chen et al. (2015) and Barros et al. (2012) . Generally, the production frontier analysis evaluates productive inefficiency score by measuring the distance between the production frontier line and each banking firm. In WRDDM estimation, weighted inefficiency score D ⃗⃗ ( , |g) can be estimated by using the distance measured by multiple viewpoints which are inefficiency of output ( ) and inefficiency of input ( ). Equation (15) to (18) represent the WRDDM for the inefficiency score of bank k:
Subject to
D ⃗⃗ ( , |g) represents the aggregated inefficiency score of bank k and defined from zero to one. D ⃗⃗ ( , |g) = 0 means that bank k is efficient and a larger score shows more inefficient performance. is the intensity variable to determine the shape of the frontier line. According to Chen et al. (2015) ,WRDDM can evaluate the inefficiency of each input and output factors while considering the characteristics of each factor.
The and are given priorities associated with the output and input variables. Because the objective of this research is to clarify the efficiency of individual input factor, we apply the input-oriented WRDDM model with setting ( =0, =1). Additionally, the and are
given priorities associated with the data variables among each of the outputs and the inputs.
According to Chen et al. (2015) , equal data weight setting has the advantage to understand the inefficiency score estimated WRDDM. This is because equal weights allow inefficiency scores not to be affected by the number of data variables. Therefore, we set the priority weights as
Additionally, g is a directional vector which defines the way of distance measure from each bank to the production frontier line. We choose the proportional directional vector which has the advantage of calculating the productivity change indicator. By applying the proportional directional vector as g = , the WRDDM is shown as follows:
The proportional directional vector, as set above, measures the distance from each bank to the frontier line by focusing on how much each bank can decrease its input factors. The advantage of the proportional directional vector is that it yields a straightforward interpretation of the inefficiency score. The inefficiency score illustrates the percentage by which each bank can decrease their input in relation to the frontier line. Therefore, a proportional directional vector allows the inefficiency score to be independent from the unit of data. Additionally, a
proportional directional vector has also the advantage of deciphering TFP change and the contribution effect of each variables. Notably, the contribution effect estimated by proportional directional vector directly represents the percentage of production inefficiency change.
Similar to the DEA model, WRDDM can be set up under the CRS and VRS assumption.
Equation (19) to (22) display WRDDM under CRS assumption. WRDDM under VRS assumption can be estimated by applying equation (19) to (22) and the restriction for expressed in equation (6).
According to Fujii et.al. (2014) and Fujii et al. (2015) , total factor productivity (TFP) change and the contribution effect of each input/output factor into TFP change can be estimated by using the inefficiency score of the WRDDM. This study employs the Luenberger Productivity Indicator as a TFP measure because the Luenberger Productivity Indicator has the advantage over productivity change estimation due to the additive distance function model compared to the Malmquist productivity index (Balk et al., 2008) .
To better understand the structure of TFP change, Färe et al. (1994) developed the decomposition of TFP into technical change (TECHCH) and efficiency change (EFFCH). TFP estimated by WRDDM and Luenberger productivity indicator is represented as follows:
Where shows the input for year t, +1 represents the input for year t+1, is the output for year t, and +1 is the output for year t+1. D ⃗ ⃗ t ( , )is the productive inefficiency in year t evaluated by using production frontier line in year t. Similarly, D ⃗ ⃗ t+1 ( , ) is the inefficiency of year t evaluated by using production frontier line in year t+1. The TFP can be decomposed into TECHCH and EFFCH as shown in equation (26).
By using input oriented WRDDM, we have a further decomposition of TFP. From Fujii et al. (2014) and Fujii et al. (2015) , TFP can be decomposed into each variables' contribution effect as follows.
TFP t, t+1 shows the contribution effect of inputs factor for TFP change. So by considering the contribution effect indicator, we can comprehend the reasons why TFP has changed by analysing each input's performance change.
Convergence in productivity change
We employ the dynamic panel method, Phillips and Sul (2007) convergence methodology, to test for convergence in the estimated total factor productivity, efficiency change and technical change as well as in the inefficiency of 3 individual inputs, namely personnel expenses, total fixed assets and total deposits. We consider all the banks in our sample of EU28 banks as well as, separately, banks from the EU15 countries and from the new EU countries respectively. 
Data and Empirical results
Data
This study uses each bank's financial data from BankScope. To select the input and output variable combination, we apply the intermediation approach to set the bank performance modelling. Generally, there are two approaches to model bank performance; the intermediate approach and the production approach. The main difference lies in the treatment of purchased funds. The former approach evaluates bank performance by focusing on both physical input and purchased funds. Meanwhile, the production approach focuses only on physical inputs but not so much on purchased funds.
There have been extensive discussions on the different approaches of how to measure bank efficiency. Based on a large number of studies it is accepted that the intermediation approach has the upper hand in evaluating bank performance. The production approach is, on its part, appropriate in evaluating the financial performance of bank branches, for example see Berger and Humphrey (1997) . Given that the objective of this research is to evaluate the financial performance of entire banks, we apply the intermediation approach to select the combination of input and output variables. The adoption of this approach is further supported by a number of empirical studies (See Sealey and Lindley, 1977 , Fujii et al. 2014 , Matousek et al, 2015 .
The selection of inputs and outputs follows the recent empirical studies on bank efficiency (See Matousek et al (2014) , Assaf et al (2013) , Shen et al (2009) ). Thus, to estimate TE and CE using the DEA, we employ as input variables: total number of employees, fixed assets, and deposits. The following three output variables are used in our model: customer loans, other earning assets, and non-interest income, defined as net fees and commission and other operating income.
In addition to the above data variables, the following three input price data are used to estimate CE: The price of labour is calculated as personnel expenses divided by the total number of employees. Price of funds is calculated as total interest expenses on deposits divided by total deposits. We use a proxy variable for price of capital which is calculated as the ratio of other operating expenses to total fixed assets. We obtain this data from BankScope database.
Finally, we define total costs as the sum of interest expenses, personnel expenses and other operating expenses.
In WRDDM estimation, following Matousek et al (2014), we apply the following three input variables: personnel expenses, fixed assets, and deposits. The three output variables are customer loans, other earning assets, and non-interest income. The data variable combination for each model are given in Table 1 . Table 2 . To deepen our analysis, the banks are further divided into two groups, those located in the 'old' EU15 countries and the rest based in the new EU countries.
<Insert Tables 1 & 2> 
Bank efficiency analysis
We report technical efficiency (TE), cost efficiency (CE), and allocative efficiency (AE) under the assumption of CRS and VRS in Table 3 . The scores show the country and year average efficiency indicator from 2005 to 2014. All three efficiency indicator are defined from zero to one, and a larger score indicates better performance.
From Table 3 , it is noted that the highest TE scores are achieved on average in Ireland, Sweden, and Belgium which are part of EU15. The lowest TE scores are observed in Romania, Latvia, and Bulgaria. We find similar trends for the TE scores under both CRS and VRS assumptions. Additionally, high scale efficiency scores are observed in Sweden, Denmark, and
Germany. Sweden and Denmark achieve high efficiency score in both TE and scale efficiency.
These results imply that banks in Sweden and Denmark enjoy the maximum possible economy of scale. On the other hands, Banks in Germany achieve high scale efficiency while technical efficiency is not high. These results indicate that even though the size of the inputs and outputs in German banks is appropriate, the inputs are not being used as efficiently.
We also report CE and AE in Table 3 . The CE scores are very volatile across the countries and the banks from the new EU countries bear the lowest efficiency levels. Surprisingly, low CE scores are also observable for banks from Italy and Luxembourg. Notably, for Italian banks, as reported in Table 3 , low CE and AE scores are noted while TE is at an average level. This implies that Italy's banks' AE is low due to low CE performance. Therefore, based on these results, we can argue that efforts to increase CE performance may prove to be more effective in boosting AE for banks in Italy.
We also provide a comparison between bank efficiency levels in old and new EU countries in Table 3 and it is evident that new EU banks are on the average less efficient than banks from old EU countries. We examine the Kruskal-Wallis test to confirm the significant differences between the efficiency levels for new and old EU countries. The results reject the null hypothesis of equal bank efficiency among them. From Figure 1 and Table 3 , it is evident that country group average score for TE and CE in new EU countries are still below bank efficiency scores in old EU countries under both CRS and VRS assumption. These results support previous empirical findings e.g., Kasman et al. (2013) , Casu and Girardone (2010) . These findings are interesting since the majority of banks in new EU countries are mostly owned by foreign banks. A closer look at Table 3 , however, reveals that some countries from new EU such as Romania and Bulgaria are well below the average efficiency scores. Table 4 then provides an even more detailed analysis that lists annual efficiency scores.
<Insert Figure 1> <Insert Table 3> Next, in Table 4 we provide bank efficiency scores over the observed time period.
Interestingly, it is noted that TE fell in 2008 for the banks from EU15 but not for banks from the new EU countries. One possible interpretation of these results could come from the structure of loan which differs between old EU and new EU countries. Our results show that that the global financial crisis has had a negative impact on bank efficiency, and mainly on banks from the old EU. The majority of 'old' EU countries faced an unprecedented bailout and capital crunch that significantly deteriorated bank business activities. On the other hand, banking systems in most 'new' EU countries survived this period without any notable difficulties. One of the main reasons is that banks in 'new' EU countries had no or only marginal exposure to the structured financial products, in particular Collateral Debt Obligations and/or Credit Default Swaps that originated in USA.
Additionally, Table 4 reports that TE and CE decreased rapidly from 2012 to 2013 in both 'new' and 'old' EU countries. One likely interpretation of these results comes from the heightened financial risk from the Greek economic crisis.
<Insert Table 4> Incidentally, based on the DEA estimation, we cannot identify which input factor actually worsened in both 'old' and 'new' EU countries. Therefore, we expand our analysis by using WRDDM to identify the specific input factor which led to a decreased bank performance.
Productivity change and contribution effect of inputs
Our model, as we have already indicated, enables us to analyse the effect of the utilised inputs on bank performance and productivity. Table 5 provides the inefficiency scores of the 3 bank inputs we have employed. It is evident that deposits are optimally managed by banks with markedly low inefficiencies compared with personnel expenses and fixed assets. The average inefficiency level of all banks for personnel expenses and fixed assets achieved more than 0.7 under both CRS and VRS assumption. This result implies that 70% of personnel expenses and fixed assets can be saved without decreasing outputs to achieve an efficient bank performance.
Additionally we note that, not surprisingly, between the period 2007-2009, aggregate inefficiency scores increased for all the EU28 banks. Subsequently the aggregate inefficiency scores dipped but rose again from 2012 to 2013 due to a rapid increase in total deposits. This result reveals that the efficiency gap between efficient bank and inefficient bank became larger.
These findings reflect the changes in bank behaviour during and after the financial crisis. The results suggests that bank liquidity concerns caused by the deteriorating quality of assets forced banks to reduce or completely stop their lending activities. . Indeed, as reported by the OECD (2012), with banks focusing on reducing their pre-crisis leverage levels and in anticipation of stricter regulatory capital requirements, bank lending has been lower.
<Insert Table 5> We also report the disaggregated inefficiency scores separately for the banks from the 'old'
and 'new' EU countries in Table 5 . We note that the input inefficiency scores in 2005 are largely different between banks in EU15 and those in new EU countries, especially for the inefficiency scores for total deposits. However, the gap narrows down in 2013 and 2014. This is a key finding that demonstrate a process of catching up of banks from new EU countries with their counterparts in EU15.
We analyse if the estimated inefficiency scores are statistically different among our two groups. The last row of Table 5 Next, we discuss the productivity changes and contribution effect of inputs factors. TFP changes are analysed separately for old and new EU countries. Table 6 In particular, EFFCH of banks from new EU countries under VRS assumption is clearly on a different trend compared to their counterparts in EU15. Once more, the contrasting impact of the global financial crisis on banks from the old EU countries on one hand and banks from the new EU countries is evident.
<Insert Tables 6 and 7> 
Convergence
In the following Section, we further investigate whether we can identify a common trend across EU countries in terms of productivity as well as in individual bank inputs. The convergence results on productivity and on the inefficiency scores for the individual inputs turn out to be quite revealing (see Table 8 ). For the whole sample of 927 banks from the EU28 countries, we cannot detect any convergence for overall TFP at the 5% significance level.
However, convergence is present for all EU28 banks in terms of both efficiency change ( =1.570) and technical change ( =3.813). Given that 2 > ≥ 0 for efficiency change, the type of convergence here relates to conditional convergence, i.e. convergence in the rate of change.
As for technical change, with ≥ 2, we note that convergence is in the level values. For the sample of banks from the old EU countries, we find no convergence for TFP ( = −2.955) and none for efficiency change ( = -1.150). However, strong convergence in levels is The convergence results on the inefficiency scores (see Table 8 ) for the individual inputs
show that across the EU28 banks, there is no evidence of convergence for personnel expenses (x1) ( =-1.125) and total fixed assets (x2) ( =-1.054) while weak convergence is detected for total deposits (x3) ( =-0.363). When we split the sample into banks from the old EU countries and those from the new EU countries, the results are consistently similar. There is once more no convergence detected for personnel expenses and total fixed assets inefficiency scores while slow convergence is once more detected for total deposits (x3) ( =-0.362, =-0.360). These results tie in with the findings discussed in Section 4.3 wherein it is argued that that deposits are optimally managed by banks with low inefficiencies compared with personnel expenses and fixed assets. So overall, we can conclude that with respect to the banks' individual inputs' inefficiency scores, the picture of one of strong heterogeneity.
<Insert Table 8> We also plot the transition paths, for 1) TFP, efficiency change and technical change and 2) the individual inputs i.e. x1, x2, and x3 for the banks from the EU15 and new EU countries. noticeable observation is that the paths for both the EU15 and new EU countries tend to show fairly heterogeneous behaviour from the start and throughout. These results tally with the findings from the group convergence findings. Additionally, we can observe heightened diversity around the financial crisis period and once again, the impact of the crisis seems evident.
<Insert Figure 3> 
Conclusions
This paper conducts a thorough empirical investigation of the convergence process in European retail banking sector by applying an innovative Weighted Russell Directional Distance Model.
The analysis covers bank performance in the EU 28 countries for the period 2005 to 2014. The key contributions of this paper include the construction of three types of banking efficiency scores for all members of the European Union as well as the estimation of the disaggregated inefficiency scores for 3 bank inputs and finally the application of the Phillips and Sul (2007) convergence methodology, which detects the presence of convergence and provides an estimate of the speed of convergence.
The paper reveals some important information that have policy implication for managers and regulators following the financial crisis. We demonstrate that bank efficiency has been undermined by the financial crisis in banks notably from old EU countries. We argue that bank efficiency and productivity in EU countries diverge across the banking sector. We further identify signs of an improvement in terms of efficiency and productivity in 2010. Nevertheless, we cannot verify if this is a trend. One would expect that the occurrence of the crisis and subsequent government interventions do distort the business environment in which banks operate.
We extend the literature on European banking integration by testing for convergence in productivity and efficiency of European banks. We further our analysis and investigate the convergence in banks' individual output. The use of the Phillips and Sul (2007) regressionbased test is a major contribution of this paper as this methodology not only detects the presence and degree of integration but also provides an estimate of the speed of convergence. It also provides a visual depiction of the integration process.
Overall, the convergence results point to no group convergence in total factor productivity.
However we find evidence of convergence in the components of the productivity indicator; i.e.
efficiency change and, in particular, in technical change. For the latter, integration is clearly driven by strong convergent behaviour for technical change from the old EU countries' banks.
We find that the banks from the old EU countries are converging when analysing shifts in their Overall, the efficiency, productivity and convergence findings reveal gaping differences in the performance and behaviour of banks across the EU28. These present numerous challenges for policy-makers, regulators and practitioners in the EU. Undoubtedly, the results confirm that the global financial crisis has amplified the divergence process across EU banks. The key question is whether the current trend is only short-term or one that will be very difficult to reverse. There is anecdotal evidence that the performance and systemic stability of the banking sector are deeply embedded within the economic performance of the countries in questions. In particular, some of the 'old' EU countries face a further macroeconomic deterioration that will sooner or later be reflected in the stability and performance of the individual banks and the banking system as a whole. Our results unambiguously show that there are remarkable disparities in terms of bank performance. Thus, we may expect even further deepening of these systemic changes across EU banks. This could also further undermine the overall financial stability.
So far we have witnessed a number of bank closure and intensified M&As activities of wellestablished banks. We may expect that EU authorities and financial regulators will face a second round of bank bail-outs, capitalisation and consolidation of the banking systems within the individual countries. Indeed, the current poor performance of many banks across the EU countries cannot be reversed without additional financial support. The segment of the small and medium-sized banks is particularly vulnerable and sensitive to macroeconomic conditions.
The global financial crisis has taught us that the depth and consequences of the crisis could not be reversed by having sophisticated regulators. Indeed, Basel II framework failed during the first test. Our results do not also provide any evidence that the calls for strengthening the integration process by setting up pan-European supervisory body is a panacea for resolving poor bank performance and the divergence process. After all, the integration process of the banking sector has been taking place for almost three decades and the results still remain blurred. Note 1: Efficiency score is defined from zero to one and larger score represents better performance.
Note 2:The Kruskal-Wallis test was applied to estimate probability as shown in the last row. 
